ABSTRACT
INTRODUCTION
Lactic acid (2-hydroxypropionic acid or CH3CHOHCOOH) can be produced via chemical synthesis or microbial fermentation. Chemical synthesis requires petroleum feedstocks and yields the racemic mixtures of lactic acid while microbial fermentation utilizes the renewable feedstocks which low cost substrate to produce an optically pure L-or D-lactic acid depending on the organism under mild conditions resulting in low energy consumption. Lactic acid bacteria present their ability to produce D, L, and DL-lactic acid, depending on their lactate dehydrogenases and racemases. It had been reported that L-lactic acid was produced in Enterococcus species, Lactobacillus species, B. coagulans, B. subtilis and Lactococcus species (Hujanen and Linko, 1996; Michelson et al., 2006; Chen et al., 2013; Gao and Ho, 2013; Yokaryo and Tokiwa, 2014) . Pure isomers of L-or D-lactic acid, are more valuable than the racemic DL form because each isomer has many applications in diverse industries such as an acidulant, flavour enhancer, preservative in the food, cosmetics, pharmaceutical, leather, textile industries and a monomer building block of the biodegradable plastic (Wee et al., 2006; John et al., 2009; Xu et al., 2010; Sobrun et al., 2012) .
Recently, the current demand of L-lactic acid is increasing due to the increasing trend of replacing petroleum based plastic by biobased plastic derived from plant materials such as polylactic acid (PLA) (Wee et al., 2006) . Therefore, this study deals with the isolation and identification of lactic acid producing bacteria that exhibit high lactic acid production and optical purity from soils and tree barks in Thailand.
MATERIALS AND METHODS

Sources and isolation methods
The soils collected from Mahasarakham, Saraburi, Nakhon Nayok, Bangkok provinces, and the bark of trees including Mangifera indica L., Aquilaria crassna Pierre ex H. Lec., Samanea saman (Jacq.) Merr collected from Bangkok, Thailand were used for the bacterial isolation (Table 1) . A 0.25 g of sample was enriched in 5 mL Glucose-Yeast extract-Peptone (GYP) broth (Prasirtsak et al., 2013) containing (per liter) 10 g glucose, 5 g yeast extract, 5 g peptone, 250 mg KH2PO4, 250 mg K2HPO4 and 10 mL salt solution (400 mg MgSO4·7H2O, 20 mg MnSO4·5H2O, 20 mg FeSO4·7H2O and 20 mg NaCl per 100 mL solution) and incubated under anaerobic conditions at 37 C for 3 days. The isolates were streaked on GYP agar plate containing CaCO3 (0.5%) and incubated at the same temperature until the colonies were developed. They were purified and kept on GYP agar slant for further study.
Identification Methods
Phenotypic characterization
Phenotypic characteristics such as morphological and cultural of the isolates were investigated on GYP agar plate containing CaCO3 as acid production indicator, after incubated under anaerobic conditions at 37 C for 3 days. Gram reaction, spore formation, gas formation, catalase activity, nitrate reduction, hydrolysis of arginine and starch, growth at different temperatures (10-50 °C), at different pH values (4-8.5) and different NaCl concentrations (w/v) were performed as previously described (Tanasupawat et al., 1992; Tanasupawat et al., 1998) . Cell shape and spore formation were observed under the light microscope and scanning electron microscope (JSM-5410LV and JSM-6610LV, Tokyo, Japan). Acid formation from various carbohydrates were tested as previously described (Tanasupawat et al., 1998) . The isomer of lactic acid was analyzed by using high-performance liquid chromatography (Prasirtsak et al., 2013) .
Genotypic characterization
The 16SrRNA gene was PCR amplified using primers
and 1492R (5'-TACGGYTACCTTGTTACGACTT-3') and the amplified 16SrRNA gene sequence was analyzed by Macrogen ® , Korea. The sequences of strain were aligned with selected sequences obtained from GenBank by using CLUSTAL_X version 1.81. The alignment was edited manually to remove gaps and ambiguous nucleotides prior to the construction of phylogenetic trees. A phylogenetic tree was constructed by the neighbor joining method (Saitou and Nei, 1987) with the program MEGA 6 (Tamura et al., 2013) . The confidence values of individual branches in the phylogenetic tree were determined by using the bootstrap analysis of (Felsenstein, 1985) based on 1000 replications. The values for sequence similarity among the closest strains were determined using the EzTaxon server (Kim et al., 2012) .
Determination of lactic acid and end product
The bacterial isolates were divided into two groups based on the catalase activity. First group, catalase negative isolates were subcultured on the freshly new GYP agar slant and incubated at 37 C for 48 h under anaerobic condition. The preculture flask consisting of (per liter 10 g glucose, 5 g yeast extract, 5 g peptone, 0.25 g KH2PO4, 0.25 g K2HPO4, 5 g CaCO3 and 10 mL salts solution) was incubated at 37C under anaerobic condition for 26 h. Later 1 mL preculture broth was inoculated into 49 mL fermentation medium (pH 6.80) consisting of (per liter) 120 g glucose, 20 g yeast extract, 10 g peptone, 0.50 g KH2PO4, 0.50 g K2HPO4, and 20 mL salts solution. After that 4 g CaCO3 was added into the culture broth. The second group, catalase positive isolates were subcultured on the freshly new GYP agar slant and incubated at 37 C for 48 h under aerobic condition. The preculture flask consisting of (per liter 10 g glucose, 15 g yeast extract, 4 g NH4Cl, 0.50 g KH2PO4, 0.50 g K2HPO4, 5 g CaCO3 and 20 mL salts solution) was incubated at 37 C and shaked/swirled at 200 rpm for 5 h. Later 25 mL preculture broth is transferred into 25 mL glucose solution (240 g/L) containing 4 g CaCO3. They were incubated at 37 C for 72 h under ambient condition. At the end of fermentation, the supernatant was analyzed of lactic acid and the residual glucose by high-performance liquid chromatography (HPLC; Biorad, Aminex HPX-87H ion exclusion organic acid column, 300 mm × 7.8mm) maintained at 45 C in a column oven (Shimadzu-CTO-6A). An eluent, 0.005 M H2SO4, was pumped through the system at the flow rate of 0.6 mL/min (Shimadzu-LC10Avp). A refractive index detector (Shimadzu-RID-10A) was used to detect the organic compounds detail.
RESULTS AND DISCUSSION
Identification
Six coccal isolates, Gram-positive and non-spore forming bacteria and 5 Gram-positive and spore forming bacteria were characterized. They showed negative reaction to catalase activity (except 3 isolates of Bacillus), nitrate reduction and hydrolysis of starch. They were homofermentative lactic acid bacteria with high optical purity of lactic acid from glucose fermentation. All isolates were divided into four groups based on the cell form, spore formation, growth at different temperatures and pH, and NaCl concentrations and acid production from various carbohydrates (Tables 1 and 2 ) including 16SrRNA gene sequence analyses (Figures 2 and 3) . Group I consisted of an isolate BK12-1, MK29-2 and MK29-3. Cells were cocci in chain and non-spore forming (Figure 1 ). Colonies were smooth, circular, convex, and ivory-white in colour (1.0-1.5 mm in diameter). The isolate Growth at pH 4.5-8.5 5.5-8.5 4.5-8.5 4.5-8.5
Catalase activity --+ -
Acid from: (Table 2 ). The 16S rRNA gene sequence of isolate BK12-1 showed 100% similarity to Lactococcus lactis subsp.lactis JCM 5805 T . Isolates MK29-2 and MK29-3 showed 99.9-100 % similarity to Lactococcus taiwanensis 0905C15 T (Figure 2) . Therefore, isolate BK12-1 was identified as L. lactis subsp.lactis Fujii et al., 2015) while isolates MK29-2 and MK29-3 were L. taiwanensis (Chen et al., 2013) .
Group II consisted of an isolate SB6-2, BK10-1 and BK13-1. Cells were cocci in chains and non-spore forming (Figure 1 ). Colonies were smooth, circular, convex, and ivory-white in colour (0.4-4.0 mm in diameter). The isolate grew at 15-45 C, at pH 5.5-8.5 and in 7% NaCl. They showed negative reaction on nitrate reduction and hydrolysis of arginine. Acid was produced from Dcellobiose, D-fructose, D-galactose, D-glucose, Dmaltose, D-mannose, D-melibiose, sucrose and Dtrehalose. Some isolates produced acid from L-arabinose, dextran, inulin, lactose, D-mannitol, raffinose, sorbitol, and L-sorbose (Table 2 ). The 16S rRNA gene sequence of these isolates showed 99.3-100% similarity to E. hirae ATCC 9790 T (Figure 2 ). Therefore, they were identified as E. hirae (Farrow and Collins, 1985; Devriese et al., 2006) .
Group III consisted of three isolates, BK9-1, BK9-2 and BK9-3. Cells were spore-forming rods (Figure 1 ). Colonies were smooth, circular, convex, and ivory-white in colour (1.0-3.1 mm in diameter). These isolates produced catalase, grew at 20-50 C, at pH 4.5-8.5 and in 5% NaCl. (Figure 3 ). Therefore, they were identified as B. coagulans (Nakamura et al., 1988) .
Group IV consisted of two isolates, NN2 and NN3-1. Cells were spore-forming rods (Figure 1 ). Colonies were smooth, circular, convex, and ivory-white in colour (1.3-2.4 mm in diameter). The isolates grew at 25-40 C, at pH 4.5.0-8.5 and in 7% NaCl. One isolate hydrolysed arginine weakly. Acid was produced from D-cellobiose, dextran, D-fructose, D-glucose, inulin, D-mannose, Dmelibiose, raffinose, L-sorbose, sucrose, D-trehalose and D-xylose but one produced acid from L-arabinose, Dgalactose, lactose, D-maltose and D-mannitol while all did not produce acid from D-sorbitol (Table 2 ). The 16S rRNA gene sequence of isolate NN2 showed 99.93% similarity to Sporolactobacillus laevolacticus IAM 12321 T (Figure 3 ). Therefore, it was identified as S. laevolacticus (Ludwig et al., 2009) . The 16SrRNA gene sequence of isolate NN3-1 showed 99.99% similarity to S. spathodeae (Figure 3) . Therefore, they were identified as S. laevolacticus and S. spathodeae, respectively (Thamacharoensuk et al., 2015) .
Lactic acid production
The results on the qualitative isomer of L-and D-lactic acid by using HPLC were shown in Table 3 , Figures 4 and 5. Lactococcus lactis subsp. lactis BK12-1 in Group I which gave final lactic acid concentration 75.67 ± 0.424 g/L, productivity 1.05 ± 0.006g/L.h, yield 1.03±0.000 g/g and optical purity of L-lactic acid 100% while L. taiwanensis MK29-3 produced final lactic acid concentration 77.47 ± 0.184, productivity 1.08 ± 0.003 /L.h, yield 1.06 ± 0.008 g/g and optical purity of L-lactic acid 100%. L. lactis subsp. lactis and L. taiwanensis strains were reported to isolate from fresh cummingcordia and leaves of sugar cane plant (Cock and de Stouvenel, 2006; Chen et al.,2013) . A comparison of our strains, Lc. lactis IO-1 was reported to produce final lactic acid concentration 7 g/L, productivity 0.11 g/L.h and yield 26% using sugarcane bagasse hydrolysate by batch fermentation (Laopaiboonet al., 2010) while L. lactis subsp. lactis could produce lactic acid from 60 g/L of glucose by batch fermentation, 32 g/L of lactic acid, 63% of yield and 0.67 g/L.h of productivity were obtained (Cock and de Stouvenel, 2006) .
Group II, isolates SB6-2, BK10-1 and BK13-1 identified as E. hirae produced lactic acid range from 31.56 ± 0.424-34.86 ± 0.283 g/L, yield of 1.06±0.008-1.23±0.036 g/g, productivity of 0.44 ± 0.006-0.48 ± 0.004 g/L.h and optical purity was 98.61-100%. It had been reported that E. hirae was isolated from raw waste water and tree bark which was obtainedfinal L-lactic acid, productivity and yield were 66.04 g/L, 0.92 g/L.h and 70%, respectively (Prasirtsak et al., 2013) while L-lactic acid producing strains were isolated from fermented fish products and elephant faeces in Thailand (Tanasupawat et al., 1998; Thamacharoensuk et al., 2013) .
